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INTRODUCTION
Thedevelopmentofa reliableinvitropermeationsys-
temnecessitatestheuseofapreciseandaccuratemethodof
quantifyingtb~amountof permeantpartitioningfromthe
membraneintothecellreceptorphase.Aqueousdonorand
receptorchamberfluidshave~en usedin themajorityof
reportedinvestigations,whichmakesquantitativep rmeant
analysisrelativelyfacile.Alternatively,radiolabelleddiffu-
santshavebeenusedandfluxratesmonitoredbyscintilla-
tioncounting,obviatingtheneedforchromatographicsep-
arationof thereceptor-phasecomponents.However,this
techniqueisnotapplicablewhennonlabelledcompoundsor
commercialdosageformsaretobeevaluatedbyacellsys-
tem.Furthermore,severalstudiesindicatethataqueousre-
ceptorphasesmaynotpresentanoptimalpartitioningenvi-
ronmentforcertainlipophilicpermeants(1~),therebyim-
pairingaccurateflux monitoringdueto limiteddiffusant
solubility.Severalattemptshavetheteforebeenmadetoim-
provethepartitioningenvironmentwithinthesesystems,by
theadditionof surfactantsforexample(4).A lipophilicre-
ceptorenvironmentappearsbeneficialfor corticosteroid
partitioning,andthus,theuseof isopropylmyristatehas
beeninvestigatedbecauseofitsbipolarpropertiesthattend
tomimicthebiochemicalcompositionoftheskin(5,6).Be-
tamethasone17-valerateandits 21-valeratedegradation
productarehighlysolublein isopropylmyristateandthis
nonaqueoussolventwillnotaugmentC-17-to-C-21esterdeg-
radationreactions.
TheUV absorbanceofthereceptor-phasesolutionshas
beenmeasureddirectlybyspectrophotometrywithoutprior
chromat9graphic'separation(7-10).However,compounds
otherthanthediffusantof interestmaypermeatefromthe
donorcompartment,ormayleachfromthemembrane,and
maycontributeto thismeasuredabsorbance.Therefore,
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chromatographicseparationof thereceptor-phaseconstitu-
entsis consideredessentialfor accurateanalyticalestima-
tionandto distinguishdegradationproductsor otherUV-
absorbingmoieties.AlthoughPoulsenetal. (5)haveused
thin-layerchromatographytoseparatecorticosteroidsiniso-
propylmyristate,high-performanceliquidchromatography
appearstobetheanalyticaltechniqueofchoiceforaccuracy
andprecision.Thedevelopedmethodologyissimilartothat
describedpreviouslyfortheassayofbetamethasonevaler-
ateestersintopicalformulations(11)andusesamultidimen-
sional,column-switchingtechniqueforisolationof thedrug
moietiesandinternalstandardfromthelipidphase,thelatter
presentingsignificantchromatographicproblemswithoutad-
equateseparation.
MATERIALSAND MEmODS
ReagentsandChemicals
Theacetonitrileandmethanolwereglassdistilledand
spectralgrade(BurdickandJackson,U.S.A.). Thehigh-
performanceliquidchromatographic-gradewat rusedinthe
mobilephasewaspurifiedby a Milli-Qsystem(Millipore,
Bedford,Mass.),andthemobilephaseftlteredthrougha
0.45-ILm embraneftlter(TypeBD, Millipore).All chemi-
calswereanalyticalreagentgradeandwereusedas re-
ceived.Thebetamethasone17-valeratewasobtainedfrom
Glaxo,SouthAfrica;thenorethisteronewasfromEthnor,
SouthAfrica;andthebetamethasone21-valeratewasanau-
thenticspecimenfromtheBritishPharmacopoeiaCommis-
sion.Theisopropylmyristate(Merck,WestGermany)and
thepropyleneglycol(Saarchem,SouthAfrica)wereboth
synthesisgrade,ratedat 98and95%pure,respectively.
Samplesof higherpuritywerenotavailablecommercially.
Apparatus
Thehigh-performanceliquidchromatographconsisted
of a solventdeliverysystem(Model6000A,Waters,
U.S.A.);.asyringe-Io@ng;six-portsampleinjector(Model
431 0724-8741/89/0500-0431$06.00/0@ 1989Plenum Publisbing Corporation
432
7125,Rheodyne,U.S.A.tauiPpedwitha loopcolumn(MPLC,3cmx 4.6-nunL ,packedwithLichrosorbRP-18,Brownlee,U.S.A.)anda ariable-wavelengthUV detector
(ModelSF769,KratosAnalyticalInstruments,U.S.A.)cou-
pledtoa stripchartrecorder(Modell00A,Perkin-Elmer,
PaloAlto,Calif.)or anintegrator(Model3390A,Hewlett-
Packard,PaloAlto, Catif.).A diode-arrayUV detector
(ModelI040A,Hewlett-Packard)wasemployedinplaceof
thevariable-wavelengthdetectorfor spectralanalysis.The
analyticalcolumn(25cmx 4.6-nunLd.)wascustompacked
withoctadecylsilane(Techsil10IJom,HPLC Technology,
U.K.). Valveswitchingandloopcolumnflushingwereac-
complishedmanually.
ChromatographyConditions
Theion-freemobilephasewaspreparedby adding45
partsbyvolumeofwaterto55partsacetonitrilein a stop-
peredflaskandallowingthemixturetoequilibrateto room
temperaturepriortosimultaneousfIlteringanddegassingun-
dervacuum.Themobile-phaseflowratewassetat1.5mIl
minandallchromatographywascarriedoutatambienttem-
peraturewiththedetectorwavelengthsetat239om.
PurificationoftheIsopropylMyristate
To assessitspurity,analiquotof isopropylmyristate
wasextractedwithanequalvolumeofmobilephase,and10
IJoIof thelatterinjectedintothechromatograph.Largeab-
sorptionpeaksbetween4.5and6.5minwerepresumably
duetoimpuritiesinthelipid.Anextractionof theisopropyl
myristatewithmobilephasecontainingbetamethasone17-
valerateandnorethisteronein solution(Fig. 1)indicated
that,whileit maybepossibletoresolvethenorethisterone
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Fig.1. Typicalchromatogramofanunpurifiedisopropylmyristate
extractshowingelutioninterferenceof theimpuritieswiththebe-
tamethasone17-valeratep ak.B, betamethasone:17~valerate;IPM,
impuritiesinisopropylmyristate;N, norethisterone.
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peakfromthe largeimpurityband,betamethasone17-
valeratelutedbetweenthetwoimpuritypeaks,makingad-
equateresolutionimpossible.Spectralanalysisof theimpu-
ritypeaksat4.95and5.88min(Fig.2)indicatesthatboth
peakshavea UV absorbancemaximumat approximately
225om,implyingthatthesepeaksareprobablynotdueto
impuritiesofsteroidal,origin.Similarspectralanalysisofthe
.betamethasone17-valerateandnorethisteronep aksdemon-
stratethe indicativesteroidalabsorbancemaximumat
240om.
Purificationoflargewolumesof i:;opropylmyristateby
successiveextractionswitheitheracetonitrileorwaterwas
notfeasible,astheformersolubilizedsomeofthelipidphase
witheachextraction,andtheimpuritiesdidnotpartitioninto
theaqueousphase.Successivextractionsof theisopropyl
myristatewithpropyleneglycolaliquotsignificantlydimin-
ishedtheconcentrationsof impurities,andadequatere-
movalfor chromatographicsensitivitywaseffectedby 15
isovolumetricextractionsconductedin largevolumesepa-
ratingflaskswithcentrifugationfthelipophiliclayer.This
methodwasadoptedfor thepurificationof all synthesis-
gradeisopropylmyristateusedin subsequentin vitroper-
meationexperitnents.
InternalStandardSolutions
Theinternalstandardsolutionwaspreparedin mobile
phaseatanorethisteroneconcentrationf3.5lLg/ml.Under
theoperatingconditionsdescribedaboveit wasfoundthat
thechromatographicsystemadequatelyresolvedthenor-
ethisterone(4.2min)frombetamethasone17-valerate(5.6
min)andbetamethasone21-valerate(6.5min),togetherwith
thepreservativeschl~rocresol(3.6min)andmethylhydroxy
benzoate(2.9min)contaitJ.e'ilin someconunercialtopical
formulationsevalilatedbythein vitrodiffusioncell.Reso-
lutionof theinternalstandardpeakfromenhancedsolvent
frontsduetodonorsolutionsof corticosteroidn alcoholic
solutionwasalsoachieved.
CalibrationStandardSolutions
Standardstocksolutionsofbetamethasone17-valerate
werepreparedinpurifiedisopropylmyristateatconcentra-
tionsof 2.5,5.0,7.5,10.0,15.0,20.0,25.0,30.0,35.0,and
40.0lLg/ml.Thesesolutionswereusedtotestforthelinearity
ofdetectorresponseandrecoverycharacteristicsofthecor-
ticosteroidfromtheisopropylmyristate.Similarly,inorder
toquantifyanydegradationproduct,solutionsofbetameth-
asone21-valeratewerepreparedin isopropylmyristateat
concentrationsof0.5,1.0,1.5,and2.1JLg/ml.Theseranges
representedtheexpectedmagnitudesofthepermeantsinthe
receptorcellsolution.
SamplePreparation
Duringthecourseof thepermeationexperiment,4O-ILI
aliquotsweresampledfromthecalibrationstandardstock
solutionsor werewithdrawnfromthereceptorchamberof
thediffusioncellat specifiedtimeintervalsusinga fixed-
volumetransferpipette(Brand,WestGermany).Thesesam-
pleswereplacedintosmallglasscollectiontubes(4nun-Ld.
x 50-nunlength),thetubeswerecovered(paraf1lm,Amer-
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Fig.2. Three-dimensionalspectralplotofbetamethasone17-valerate(B),impuritiesin isopropylmyristate(lPM),andnoreth-
/ isterone(N).'"
icanCanCo., U.S.A.)andstoredunderefrigeration(4°C)
untilassayed.Priortoinjection,40ILlof internalstandard
solutionwasaddedtotheisopropylmyristatealiquotineach
tubeandthemixturevortexedfor30sec,ensuringahomo-
geneous,finedispersionof thetwoimmisciblephasesand
therebyfacilitatingoptimalcorticosteroidpartitioningbe-
tweenthephases.Thesampleswerethencentrifugedfor60
sectoassistintheseparationofthephasesand10ILlof the
lower,mobilephaselayerwaswithdrawnbysyringeforin-
jectionintothechromatograph.
InjectionProcedure
Thesampleinjectionandcolumn-switchingprocedure
wassimilarto thatdescribedpreviously(11).Lipophilic
componentstrappedon theloopcolumnwereforward
flushedtowasteusing1mlmethanolfollowedby5mlmo-
bilephase,therebynoreequilibrationf theloopcolumn
wasrequiredpriortothenextinjection.It wasfoundthat
methanolwasheswereadequatefor displacingboundli-
pophiliccomponentsfromtheloopcolumn,andthedisrup-
tiveeffectsofusingastrongereluentsuchastetrahydrofu-
ran(12-14)were,therefore,avoided.Calibrationstandard
solutionswereinterspacedbetweensampleinjectionsuch
thateachsolutionwasii:Yectedatleasthreetimesformeans
to becalculated.Peakheightratiosfrominjectedsamples
werecomparedtotheratiosfromcalibrationstandardsolu-
tionstoquantifythepermeantconcentrationsusingtherel-
ativeresponsefactormethod(15,16).
4.0
RESULTSANDDISCUSSION
Figure3depictschromatographictracesof theisopro-
pylmyristatereceptorsolutionsobtainedfromdiffusionruns
usingdifferent,commercial,betamethasone17-valerate-
containingtopicalformulations(Betnovate,Glaxo,South
Africa)asthedonorphaseandhUmaIJstratumcorneumas
thediffusionmembrane.A typicalchromatogramoftheiso-
propylmyristatextractfromacreamdiffusionexperiment
is shownin Fig.3aandexemplifiestheresolutionbetween
theformulationpreservative(chlorocresol)andthenorethis-
teroneinternalstandard.Figure3bisachromatogramfrom
a lotionpermeationexperimentanddemonstratesthelarge
absorptionbandgeneratedbythemethylhydroxybenzoate
preservative.Figures3C~ddshowchromatographictracesfromointmentandscalp pplicationpermeationexperi-ments,respectively;in thesecasestherearenopreser-
vativesinthedosageforms.Thepresenceofbetamethasone
21-valeratefractionswasrarelyobserved uringroutine
chromatography.In instanceswhenthedegradationproduct
wasdetecteduringassayof thetopicaldosageformsprior
toinitiatingthepermeationexperiment,thismoietywasalso
observedandquantifiedin thereceptorchamberisopropyl
myristate.
SpecificityandLinearityStudies
To ensurethespecificityofthedetectorresponseaUY
spectrumwasrecordedathalf-secondintervalsastheinter-
nalstandardandbetamethasone17-valerateelutedfromthe
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Fig.3. Typicalchromatographictracesfromextractsof isopropyl
myristatereceptorphasesfromcream(a),lotion(b),ointment(c),
andscalprapplication(d)permeationexperiments.B, betametha-
sone17-vaferate;C, chlorocresol;MHB,methylhydroxybenzoate;
N, noretbisterone;SF,alcoholicsolventfront.
analyticalcolumnaftersamplealiquotinjection.Thesespec-
trawerecomparedto.thoseobtainedafterinjectionofapure
solutionof eachcompound.No obviousdifferenceswere
noted,implyingthattilesteroidpeaksobtainedfromthe
extractofthelipidreceptorsolutionwerenotaugmentedby
anyotherextraneousconstituents.Calibrationcurves(Table
I) constructedonthebasisofthepeakheightratiosofbeta-
methasone17-valerate/internalstandardversusbetametha-
sone17-valeratemassweremrearovertheconcentration
rangestudied(2.5-40.0,...g/ml).Similarlinearitywasob-
tainedfor thebetamethasone21-valeratecalibrationcurve
overtheconcentrationrange0.5-2.1,...g/ml,indicatingthat
theassaymethodis suitableforquantitativepurposesover
widecorticosteroidconcentrationrangesandis sensitiveto
traceamountsofthepermeants.
a B 17-V,betamethasone17-valerate;B 21-V,betamethasone21-
valerate;NOR, noretbisterone.
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Precision,Accuracy,andRecoveryStudies
To determinetheprecision,accuracy,andrecoveryof
themethod,solutionsof betamethasone17-valeratewere
madeupin normalinternalstandardsolutionatconcentra-
tionsof 5.0,10.0,20.0,30.0,and40.0,...g/ml.Theaverage
percentager coveryobservedoverthisspikeconcentration
rangewas99.78%(SD,1.68%;N = 4samplesateachcon-
centration),indicatingthatnegligibleossofbetamethasone
17-valerateis experiencedduringsamplepreparationand
thatpreferentialpartitioningof thecorticosteroidoccurs
fromtheisopropylmyristatesolutionintotheacetonitrilel
waterphase.'fI!emethodis,therefore,sufficientlyaccurate
andpreciseforanalyticalpurposes.
On-lineCleanup
Thecolumn-switchingtechniquewasfoundtobehighly
suitableandefficientfortheon-linecleanupofsamplesand
effectedadequateisolationofthelipophilicfractionfromthe
analyticalsystem,therebyobviatingchromatographicinter-
ferenceandminimizingsamplehandling.Furthermore,de-
teriorationof theanalyticalcolumnperformancewasnot
experiencedevenafterayearofcontinuoususe.
CONCLUSIONS
The high-performanceliquidchromatographictech-
niquedevelopedis highlyefficientfortheanalysisofbeta-
methasone17-valerateconcentrationsi isopropylmyristate
usedasthereceptorphaseof invitrodiffusioncells.Extrac-
tionof thedrugmoietyfromthelipidphaseis effectedbya
combinationof liquid-liquidextractionandon-linesample
cleanupusingaswitchingv~e andloopcolumnassembly.
Themethodis showntobe'relativelysimple,accurate,and
linearoverthebroadpermeantconcentrationrangeexperi-
encedindiffusionexperimentsandhasthecapabilityof si-
multaneouslyquantifyingdegradationproductsandtopical
formulationpreservativesin thecellreceptorsolution.The
majoradvantageofhavingthisreliableanalyticaltechnique
availableis thatitallowstheaccuratemonitoringof noma-
diolabelledcorticosteroidpermeationi laboratorydiffusion
experiments,therebyallowingthetestingof commercial
products.Slightmodificationstothemethodologyhaveal-
lowedtheassayofothercorticosteroids,suchashydrocorti-
sone,indicatingthatthetechniqueisapplicabletoadiverse
rangeofcorticoidpermeants.
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